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REMARKS 

Pntr\/ fhic AmAnrfmant In Skr^f^rAannck wifh fhfi r\rrt\iicirtrtc: r%i HPO R1 1 i A 

J WW w. ^. w..«..i««...^ w. w. wr. . , j[ , 

and reconsfderation and allowance of this application, as amended, is respectfully 
requested. 

This Amendment is in response to the final Office Action dated June 4, 2003. 

Appreciation is expressed to Examiner Rao for his courtesy and helpfulness 
during a telephone interview conducted between Examiner Rao and the undersigned 
attorney on September 17, 2003. During the course of this telephone interview, the 
amendments presented herein were discussed. In particular, the amending of claims 
17,18, 20. 22 and 24 was discussed conceming including the limitation that the 
compression strain produced in the gate insulators decreases interatomic distances in 
the material to suppress leakage current from flowing through the gate insulators, in 
considering this, Examiner Rao indicated that, although this might serve to clarify the 
distinctions of the invention over the cited prior art, it would require further and 
additional further consideration to determine whether these amendments actually place 
the claims in condition for allowance. Therefore, Examiner Rao advised the 
undersigned attomey that it would be necessary to file a RCE in order for these 
amendments to be considered since such amendments could not be entered afterfinai 
rejection. Therefore, the present amendment is presented together with the filing of a 

R/^P fnr niimACDft rt-f rihloinin^ /*rtn4*irlAro+*r%n ry4 4hA«A ^mAnrl mantes ijkinll +K<i 

additional amendments and the new claims presented by this Amendment. 

By the present Amendment, independent claims 12,17.18, 20, 22 and 24 have 
each been amended to clarify the invention, as will be discussed below. Also, new 
claims 25 to 37 have been added to define the invention in a means plus function 
format. 
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Briefly, the present invention is directed to various embodiments concerning the 
construction of a semiconductor device in a manner wl lich will serve to reduce leakage 
current flowing through a gate insulating film or tunneling cun-ent For example, in the 

deoendent claim 17, a 

Tirst enfiDouinn?nt mi ly. • mum vt^Mii*?^., ^as..., — , 

gate Insulating film is comprised of a material as a main componerrt thereof selected 

from titanium oxide, zirconium oxide and hafnium oxide. As discussed in the abstract 

regarding this, the above noted materials selected for this gate insulator are those: 

"in which compressive strain is produced [and which] ... can 
suppress leal<age current flowing through the gate insulators and has 
high reliability." 

With regard to the compression strain state for the gate insulator, page 25, line 

27 et seq. states: 

"A method for confimning the compression strain state of the 
titanium oxide gate insulator is to determine the interatomic distance 
between the titanium (Ti) atom and the oxygen (O) atom in titanium oxide 
by a transmission electron microscope (TEM). When no strain exists, the 
interatomic distance is 0. 1 96nm on the average. This indicates that when 
the average value of the interatomic distance is greater than 0.196nm. 
the rutile type titanium oxide film will be in a tensile strained state, and 
when the average value of said distance is less than 0.1 96nm, then said 
film will be in a compression state." 

In other words, placing the gate insulator of this type of material in a state of 
compression strain serves to decrease the interatomic distance In the material thereby 



tl. . A_ J_ 



Reconsideration and allowance of amended Independent claims 1 7. 18, 20 and 
24. together with their dependent claims, over the cited prior art to Matsushita (JP 
53010283) and Van Dover (USP 6.093.944) is respectfully requested. By the present 
Amendment, each of these claims has been amended to add the clarifying language 
that the compression strain in the gate insulating film sen/es to decrease the interatomic 

10 



Received (ronx 703 312 6666 > at 9/2SI03 4:21 :00 m (Eastern Daylight Time] 



09/25/03 THU 16:26 FAX 703 312 6866 



A T S K 



0014 



distance in the material to suppress leakage current from flowing through the gate 

Insulators. As such, it is respeciruiiy suortmieu uiai , 

define over the arrangement taught in Matsushita, whether taken in combination with 
van uovtsr ui uonoiQcreu \jh w^wSi. 

In the Office Action, it is stated that Matsushita teaches gate insulators of a 
material having the main components selected from titanium oxide, zirconium oxide and 
hafnium oxide in which a compression strain is produced. Reference is made to the 
basic abstract of Matsushita as evidence of this. However, it is respectfully submitted 
that nothing in the basic abstract, or the disclosure of Matsushita, teaches anything 
about compression strain produced in the gate insulators, and particularly nothing about 
compression strain for reducing interatomic distance to lessen the How of leakage 
current through the gate insulator. Quite to the contrary, the abstract simply states "the 
dielectric material is stable in composition, and has less strains." It is respectfully 
submitted that less strains" does not mean "compression strain." Indeed, it could imply 
an ideal situation of no strain. 

With regard to this, the following translated portion of the right hand lower 
column, lines 1-4. at the bottom of page 2 through the left hand upper column, lines 1 -4 
of page 3 of the Japanese text reads as follows: 

"By the way, important thing for perfonnance of the MOS transistor 
is In the case of using an insulating film other that Si02 as the gate, to 

stabilization of the insulating film composition, strain. + charge of Na. K. 
etc. in the film, and the like. Thus, it is necessary that these conditions 
are sufficiently suitable." 

Concerning this, it is well known that the CV properties are significantly 
influenced by the amount of defects such as pin holes in the film. Specifically, such 
defects become a passageway for electn^ns resulting in a decrease in the ability of the 
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film to store charge. Accordingly, the reference to the dielectric film having less strain in 
defects In the film. 

Obviously, this is completely different than the purpose of the present invention, 
clearly defined in the amended independent claim 17, 18, 20 and 24 of Introducing a 
compression strain to the gate insulator material (either titanium oxide, zirconium oxide 
and hafnium oxide in the case of claim 1 7 and 24 or titanium oxide in the case of claims 
18 and 20) to decrease interatomic distance in the material thereby suppressing 
leakage current. Matsushita, of course, is completely silent on any such structure or 
any mention of dealing with this problem by reducing interatomic distances by creating 
compression strain in the insulating film. Accordingly, reconsideration and allowance of 
amended independent claims 1 7, 1 8, 20 and 24 and their respective dependent claims 
is respectfully requested. 

In particular regard to claims 18-20, as acknowledged in the Office Action on 
page 4, lines 1 and 2, "Matsushita does not specifically describe or teach the gate 
insulator film is mainly composed of titanium oxide having a rutite crystal structure.** 
Thus, the Office Action goes on to cite Van Dover for suggesting the use of such 
titanium oxide. In response, Applicants respectfully note that Van Dover relates to 
dielectric materials comprising amorphous films of titanium oxide doped with lanthanide 

Van Dover gives no teaching or suggestion whatsoever of using either mtile type or 
anatase type titanium oxide, as required by the present invention. Accordingly, 
particular consideration and allowance of claims 18 and 20 is respectfully requested. 

Reconsideration and allowance of independent daim 1 9 over the combination of 
Matsushita and Van Dover is also respectfully requested. Concerning this, claim 19 
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specifically defines the feature of a gate insulator having titanium oxide as a main 



"Wherein the thermal expansion coefTicienl of the main component 
material of said gate electrodes is greater than the linear expansion 
coefficient of said titanium oxide." 

Regarding this limitation, obviously Matsushita fails to teach or suggest anything 
concerning this since, as noted by the Office Action, Matsushita does not teach titanium 
oxide at all, let alone titanium oxide having a rutile crystal structure. Similarly, Van 
Dover fails to teach or suggest a titanium oxide having a njtile crystal stnjcture, as 
discussed above. In fact, the titanium oxide an^ngement with the lanthanide rare earth 
elements doping is quite different than the claimed titanium oxide having a rutile crystal 
structure. As such, the analysis set forth on page 5 of the Office Action concerning the 
difference in thermal expansion coefficients between Van Dover's polysllicon gate and 
their thermal oxide dielectric is not appropriate since Van Dover is using a different type 
of titanium oxide film. Accordingly, reconsideration and allowance of Independent claim 
19 over this combination of references is also respectfully requested. 

Reconsideration and allowance of independent claim 22 over the cited 
references to Matsushita and Van Dover is also respectfully requested. An example of 
an embodiment reading on claim 22 can be found In Fig. 13, discussed on pages of 29 
and 30. Specifically, Fig. 1 3 shows first and second transistors in a substrate where the 

resist high gate voltages. In particular, as noted on page 29, lines ^ 1 7-22, the first MOS 
transistor 203 uses a high permittivity film as a gate insulator such as that used for the 
MOS transistors in example one. In particular, this high pemiittivity material is a 
material having a main component selected from titanium oxide, zirconium oxide and 

hafnium oxide, as discussed above conceming claims 17, 18, etc. The MOS transistor 
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303, on the other hand, is not required to have such high speed operation, but is 

gate" as discussed on page 29, lines 26-28. Therefore, it is discussed on page 30, lines 
1-8: 

"the second MOS transistor formed in the I/O circuitry region has a 
silicon oxide gate insulator 304a having a thickness of 3 nm or greater. A 
silicon oxide film of 3 nm or greater. A silicon oxide film of 3 nm or 
greater thickness Is useful for reducing both of DT current and FN 
current. Thus, the second MOS transistor is resistant to high voltage 
applied between the gate electrode and the substrate and highly reliable 
In use as a transistor for I/O circuits." 

Claim 22 is particularly directed to such an arrangement and defines that the first 
MOS transistor has a gate insulator comprised of a high-permittivity material to penmit 
high speed operation. Claim 22 also defines the second MOS transistor having a gate 
insulator containing silicon oxide as a main component to resist high gate voltages. 

It is respectfully submitted that nothing in either Matsushita nor Van Dover teach 
or suggest this claimed structure. In the Office Action, reference is made to page 438 
of IVIatsushita and Fig. 1 of Van Dover, but It is respectfully submitted that nothing in 
either of those references teach or suggest the claimed features of the first and the last 
transistor having the high pemiittivity material recited to permit high speed operation in 
conjunction with a second MOS transistor having a silicon oxide gate insulator to resist 
high gate voltages. Therefore, reconsideration and removal of the rejection of claim 22 

Reconsideration and allowance of amended claim 12 and its dependent claims 
over the references to Matsushita and Van Dover is also respectfully requested. With 
regard to this, claim 12 can be read on an arrangement such as shown in Fig. 15, for 
example. As shown in Fig. 15, a gate insulator 104a of an anatase type crystal 
structure is provided. In conjunction with this, a film 20 with tensile stress is provided to 
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introduce tensile stress into the channel region 10, is discussed on page 33, line 2 et 

insulating film 104a is utilized to help prevent tunneling current from flowing in this 

stmcture. This is also discussed on page 41 , line 1 1 et seq. and stating: 

"Also, even If tensile strain is exerted to the gate insulator, the 
anatase type band gap can be made greater than the rutile type band 
gap. This makes it possible to check the rise of tunneling current due to 
tensile strength and to thereby lessen power consumption of the device." 

Claim 12 has been amended to particularly define these features and 

advantages. Specifically, the claim has been revised to first set forth that the state of 

strain of the channel region is tensile strain, followed by the limitation: 

^'and the main crystal stmcture of said titanium oxide is anatase to 
inhibit a rise in tunneling curent caused by said tensile strength." 

As such, clearty nothing in either Matsushita nor Van Dover teach or suggest this 
combination of features of a tensile strain in a channel region in conjunction with the 
use of a anatase type gate insulator to reduce tunneling current that can be caused by 
this compressive strain. Due to the failure of either of these references to teach or 
suggest this feature, whether considered alone or in combination, reconsideration and 
allowance of independent claim 1 2. as amended, together with its dependent claims 1 3- 
16 is earnestly solicited. 

combination of Matsushita. Van Dover and USP 6,249,0898 to Lau, it is respectfully 
submitted that nothing in the Lau reference would teach or suggest the complete 
modification of Matsushita to arrive at the present claimed invention. As noted above, 
claim 16 is dependent on claim 12, and includes the above noted limitations concerning 
the particular constnjction of the anatase type data insulating film in conjunction with the 
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for the shortcomings In either Matsushita or Van Dover discussed above oonceming the 

relationship between the channel region having tensile strain and the anatase type gate 

insulator defined by the parent claim 12. Therefore, reconsideration and allowance of 

claim 16 over the cited prior art is eamestiy solicited. 

Reconsideration and allowance of newly submitted claims 25-37 is also 

respectfully requested. These new claims define the features of the present invention 

In a means plus function format to further emphasis distinctions of the present invention 

over the cited prior art. For example, new claim 25 defines: 

"IVIeans for namiwing interatomic distance in the material to 
suppress leakage cun^nt from flowing through the gate insulators." 

It Is respectfully submitted that nothing in either Matsushita or any of the cited 
secondary references remotely suggest providing such means for suppressing leakage 
cun-ent by reducing interatomic distance within the oxide forming the gate insulator. 

New dependent claim 26 further defines the means in terms of specifying the 
atoms between which interatomic distance is namiwed. Obviously, the cited prior art 
certainly gives no suggestion of this specific feature. 

New dependent claims 27 and 28 define that the means narrows the interatomic 

the primary reference to Matsushita only discusses strain generally, and certainly never 
suggests introducing compressive strain to a gate insulator to narrow interatomic 
distances to suppress leakage current. 

New dependent claims 29-32. like claim 18, define that the gate insulator is 
comprised of titanium oxide as the main component having a rutile crystal structure. As 
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recognized in the Office Action, the primary reference to Matsushfta fails to teach or 



this material in a specific combination defined by the respective means plus function 



Finally, new claims 33-37 add the further feature to the above discussed claims 
of a means for producing tensile stress in the gate electrode in addition to the claimed 
means for narrowing the interatomic distance in the gate insulator to suppress leakage 
current. It is respectfully submitted that nothing in any of the cited references, whether 
considered alone or in combination, would at all suggest this combination of features. 

For the reasons set forth above, reconsideration and allowance of the claims, as 
amended, is earnestly solicited. 

In view of the foregoing, it is respectfully submitted that the above-identified 
application is in condition for allowance. Favorable consideration and prompt allowance 
of claims 12-37 are respectfully requested. 

Please charge any shortage in fees due in connection with the filing of this paper , 
including extension of time fees, or credit any overpayment of fees, to the deposit 
account of Antonelli. Terry, Stout & Kraus, LLP. Deposit Account No. 01-2135 
(referencing case no. 500.41080X00). 




Respectfully submitted. 
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